The present study concerns the natural convective heat generating/absorbing, radiative magnetohydrodynamic, oscillatory fluid flow through a vertical porous channel with slip and temperature jump. The effect of Joule dissipation is taken into consideration while it is assumed that the flow is fully developed. The differential transforms method(DTM) is employed to solve the system of non-linear ordinary differential equations that is obtained from the non-linear partial differential equations governing the flow. Semi analytical solutions of the steady and unsteady part of the flow in the slip flow regime through a vertical porous channel are obtained. The effects of various flow parameters on the velocity and temperature profiles as well as Nusselt and skin friction are presented graphically and discussed. An excellent agreement between the results of this article and those available in the literature validated the presented approach.
Introduction
Investigations of a natural convective magnetohydrodynamic (MHD) flow through a vertical channel are of importance due to its application in various manufacturing processes and devices. These include transpiration, cooling of reentry vehicles, petroleum industries, power generators, accelerators, electrostatic precipitation, MHD pumps and rocket boosters. An appreciable number of studies has also been reported in the literature. Ranna et al. [1] examined the MHD unsteady natural convection water's memory flow with constant suction and heat sink. Earlier on, Das et al. [2] studied the transient free convection flow past an infinite vertical plate with periodic temperature variation.
Many research works on the analysis of heat transfer and fluid flow at micro scale level have been carried out due to the wide application in micro -electro -mechanical systems(MEMS) involving temperature jump and velocity slip [3] . A lot of attention has been paid to this flow due to its application in heat exchangers, physiological flows, drying process and electronic cooling. An interesting example is the work of Mehmood and Ali [4] who examined the influence of velocity slip on an unsteady MHD oscillatory flow of a viscous fluid in a planar channel. It was shown that no slip velocity condition may not be suitable for hydrophilic flows over hydrophobic boundaries at both the micro-scale and nano-scale levels. It is also well known that when Knudsen number (Kn) is zero the no slip condition holds while if Kn is less than 0.001 the continum flow assumption holds. However, when Kn lies between the range [0.001, 0.1] the flow is termed slip and in this regime the classical energy equation as well as the Navier Stokes equation hold (see [3] , [5] and [6] ). More works on slip flows with various flow configurations can be found in [8, 9, 10 and 11] . On the other hand, interesting works on both velocity slip and temperature jump are carried out in [24] [25] [26] [27] .
For a high fluid temperature, radiation occurs and plays a significant role. In particular for plates of the channel having high temperatures the influence of radiation cannot be ignored. As a matter of fact, in such a case, the influence of radiation and natural convection must be taken into account. Several authors have modeled thermal radiating MHD flows with applications in astrophysical fluid dynamics. For example, Abo-elahab [7] studied the effects of temperature-dependent fluid properties on a free convective flow along a semi-infinite vertical plate in the presence of radiation using the CogleyVincentine-Giles equilibrium model. Gbadeyan and Dada [16] examined the influence of radiation and heat transfer on an unsteady MHD non Newtonian flow with slip in a porous medium. They observed that the temperature increases with a decrease in either the Prandtl number or radiation parameter and also noticed that the velocity profile decreases as the radiation parameter or Grashof number decrease. Hayat et al. [17] investigated the effect of radiation and the magnetic field on the mixed convection stagnation point flow over a vertical stretching sheet in a porous medium.
The importance of a natural convective flow in the case of internal heat generation /absorption fluid through a porous vertical channel has been well discussed in [5] , [12] and [22] . In particular, it is pointed out in [12] that the study of such flow has recently been well recognized as a result of the fact that an appreciable increase in temperature difference may cause the volumentric heat generation/absorption to have a great effect on the heat transfer and hence on the flow. Variouse researchers have carried out interesting studies involving internal heat generating fluid. For instance, Ostrach [13] examined the combined natural and forced convection flow and heat transfer of fluids with and without a heat source in a channel with linearly varying wall temperature. The author also discussed a laminar natural convective flow and heat transfer of fluids with and without a heat source in a channel with constant wall temperature in [18] . An experimental study of temperature distribution in a laminar tube flow of a fluid with internal heat generation was carried out in Inman [14] . It is further remarked in [22] that internal heat generation/absorption plays a significant role in various physical phenomena e.g., application in the field of nuclear energy [19] , fire and combustion modeling [20] and as convection in earth's mantles [21] .
Adesanya [5] investigated the unsteady natural convective flow of an internally heat generating/absorbing fluid through a porous vertical channel under the effect of slip and temperature jump boundary conditions. However, the analysis of the oscillatory flow problem did not take into account the influence of both the magnetic field strength and radiation. It is observed that an increase in the slip parameter leads to a decrease in the shear stress at the suction wall while it enhances the flow velocity. Earlier on, the effect of slip and jump boundary conditions on an MHD oscillatory flow of a radiating fluid through a vertical porous channel, neglecting heat source/sink, was studied in [15] .
The present article is mainly motivated by the work [5] , [15] and the considerable amount of studies mode on the natural convection with internal heat generation/absorption. Hence, this article aims at investigating the combined influence of radiation, MHD and heat source/sink on an oscillatory fluid flow through a vertical porous channel with slip velocity and temperature jump boundary conditions. In other words, the current work extends the studies of both [5] and [15] .
To achieve this aim, the governing nonlinear partial differential equations were solved by first splitting the velocity and temperature into the steady and unsteady parts after which the semi analytical technique known as the differential transform method (DTM) is then used to solve the resulting set of ordinary differential equations. The rest of the paper is organized as follows. The mathematical formulation is presented in the next section. Section 3 deals with the concept of the differential transform method and its application in solving the present nonlinear problem. The real part of the results are presented and discussed in section 4. In section 5, the concluding remarks were given.
Mathematical analysis
Consider a fully developed laminar flow of a free convective incompressible viscous electrically conducting and heat generating/absorbing fluid in a vertical porous channel. The left channel wall is heated with slip and temperature jump. The channel walls are taken vertically and parallel to the x-axis at y h   (see Fig.2 ). On one side of the plates y h   , the fluid is injected into the channel with constant velocity 0 v and it is sucked off from the other plate y h   at the same velocity. It is assumed that there exist interfacial interactions between the fluid molecules and atoms of the surface of the wall of the channel. Hence, the molecules of the fluid may be absorbed on to the surface which is then reflected after some time lag. Such a time lag results in a microscopic velocity slip and temperature jump [5] . A uniform magnetic field of strength B0 is applied perpendicular to the channel. The corresponding magnetic Reynold number is assumed to be very small hence the induced magnetic field is neglected [28] . The radiation effect is also taken in to account. The radiative heat flux in the energy equation is assumed to follow Rosland approximation. The buoyancy effect sets in as a result of the temperature gradient between the plates and the fluid [23] . Under the usual Boussinesq's approximation the basic equations governing the flow of the viscous incompressible fluids and heat transfer in a vertical periodic porous channel are [5, 15, and 23] 
Together with appropriate initial conditions
according to [5] , for rarefied flow with temperature jump, the appropriate boundary conditions can be written as
The non-moving wall and isothermal condition gives
The radiation heat flux r q in the energy equation is 
The other physical quantities used in this work are defined in the nomenclature. To solve Eqs (2.1) -(2.6) we follow Ajibade [23] and Adesanya [5] thereby splitting the velocity and temperature into a steady and periodic part, respectively, as follows
Where   , ( ) A y F y stands for the steady parts and  , ( ) B y G y for the periodic parts of the velocity and temperature, respectively. The dimensionless quantities used are ' t r , S , P , , , ,
Substituting Eqs (2.7)-(2.9) into Eqs (2.1)-(2.6) and equating orders of i t e  resulted in the following dimensionless non-linear ordinary differential equations. 13) subject to the following boundary conditions 
Analysis of Differential Transform Method (DTM)
The DTM is an iterative procedure to obtain analytic Taylor series solutions of differential equations. 
where   F x is the original function and ( ) F k is the transformed function. The inverse transformation is defined as
For practical purposes, Eq.(3.2) can be written in a finite series as
where n is the truncating point depending on the convergence of the solution. Equation (3.3) implies that 
The differential transforms of Eqs (2.10) -(2.13) are taken by using the theorem introduced in Tab.1 so that the following recurrence relations are obtained.
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Using the boundary conditions in Eq.(2.14) we get the values of constants , , , , , , and 
Results and discussion
This section deals with effects of parameter variations for different values of parameters like the Navier slip, Knudsen number, Prandtl number, Hartmann's number, heat generation/absorption, suction/injection and radiation on the fluid flow. Tables 2 and 3 The figures above show the response of fluid temperature and velocity to the variation of parameters. In Fig.2a , the effect of the Hartmann number on the temperature profile is depicted. From the figure, an increase in the magnetic field strength is seen to slightly increase the temperature profile. This is due to ohmic heating of the fluid. Figure 2b shows the temperature profile for different values of the temperature jump parameter. It is shown that the temperature profile is decreasing as the temperature jump parameter is increasing. The reason for this is that as the Kn is increasing there is an increase in the molecular distance of the fluid from the channel which leads to a decrease in the heat flux in the channel. Figure 3a depicts the effect of the radiation parameter on the temperature profile of the fluid. We realized that as the parameter is increasing the temperature profile is also increasing. This is due to breaking of the bond that holds the fluid particle by the heat produced from thermal radiation. In Fig.3b , the fluid is symmetrical at the channel half width due to the absence of injection/suction parameter. As the parameter is increasing, the temperature profile increases along the injection wall but decreases towards the suction wall. Figure 4a depicts the effect of heat absorption on the temperature profile. It is seen from the result that an increase in heat absorption leads to a decrease in the temperature of the fluid. The reverse is the case in Figure 4b where an increase in heat generation enhances the temperature profile. The reason for this is that the temperature within the channel increases as heat generation is increasing. The effect of the Strouhal number is presented in Fig.5a . From the results, it follows that an increase in the Strouhal number reduces the temperature profile of the fluid. This is due to a decrease in the intensity of heating the boundary plates. In Fig.5b , as heat absorption parameter is increasing we observed a decrease in velocity of the fluid. Figure  6a shows that an increase in heat generation enhances the fluid velocity. This is due to increase in temperature of the fluid which increases the molecular interaction of the fluid particle there by strengthening the convection current. Figure 6b shows the effect of the Hartmann number on the velocity profile. From the result, it follows that an increase in the magnetic field strength is seen to lower the fluid velocity. The reason for this is the retarding effect of lorentz forces present in the magnetic field. Figure 7a shows the effect of velocity slip parameter on the velocity profile. It is observed that an increase in the velocity slip enhances the flow. This is due to an increase in the gas molecules interaction. In Fig.7b , the effect of the oscillation parameter on the velocity profile lowers the fluid velocity due to a decrease in the intensity of heating the boundary plate as heating frequency is increased. In Fig.8a , an increase in suction/injection decreases the flow velocity along the injection wall but increases towards the suction wall. Also, it is observed in Fig.8b that an increase in the radiation parameter increases the velocity profile. This is because when the heat produced by thermal radiation is increased, it breaks the bond that holds fluid particles, thereby enhances the fluid flow. Figure 9a shows the effect of the velocity slip parameter on the skin friction. In the result, it is observed that an increase in the Navier slip parameter leads to the weakness of the wall skin friction. Additionally, in Fig.9b we can see that an increase in the Hartmann number weakens the skin friction at the wall. From Fig.10a it follows that an increase in radiation leads to an increase in the skin friction while an increase in the radiation parameter (Fig.10b ) results in a decrease in the rate of heat transfer. Finally, an increase in temperature jump (Fig.11) leads to a decrease in the rate of heat transfer. 
Conclusion
This paper investigates a radiative magnetohydrodynamic oscillatory natural convective flow through a vertical porous channel with slip, temperature jump and heat source. The velocity and temperature profiles are obtained using the differential transform method (DTM). The effects of different parameters are studied. The velocity profile increases with increasing velocity slip, heat generation, suction/injection and radiation parameter while it reduces with increase in heat absorption, the Hartmann number and Strouhal number. An increase in radiation, suction/injection, the Hartmann number and heat sink enhances temperature profile while increasing the Strouhal number, temperature jump and heat source parameter reduces the temperature profile. Finally, increasing velocity slip, temperature jump and the Hartmann number reduces the wall skin friction and heat transfer rate but increasing the radiation parameter increases the wall skin friction and decreases the heat transfer rate. 
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